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Abstract. We describe our studies of the radio and high-energy properties of Rotating Radio
Transients (RRATs). We find that the radio pulse intensity distributions are log-normal, with power-
law tails evident in two cases. For the three RRATs with coverage over a wide range of frequency,
the mean spectral index is −1.7± 0.1, roughly in the range of normal pulsars. We do not observe
anomalous magnetar-like spectra for any RRATs. Our 94-ks XMM-Newton observation of the high
magnetic field RRAT J1819−1458 reveals a blackbody spectrum (kT ∼ 130 eV) with an unusual
absorption feature at ∼1 keV. We find no evidence for X-ray bursts or other X-ray variability. We
performed a correlation analysis of the X-ray photons with radio pulses detected in concurrent
observations with the Green Bank, Effelsberg, and Parkes telescopes. We find no evidence for any
correlations between radio pulse emission and X-ray photons, perhaps suggesting that sporadicity
is not due to variations in magnetospheric particle density but to changes in beaming or coherence.
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INTRODUCTION
Rotating Radio Transients (RRATs) were discovered through a reanalysis of archival
data from the Parkes Multibeam Pulsar Survey (PMPS) [1]. Over 30 RRATs have been
discovered since that time [2, 3, 4, 5, 6] Their transient nature implies a large Galactic
RRAT population, most likely outnumbering the population of normal Galactic pulsars.
Unless the populations are evolutionarily related, the implied neutron star (NS) birthrate
may be inconsistent with the measured Galactic supernova rate [7]. In Figure 1, we
compare the spin-down properties of the RRATs and other NSs. In general, RRATs
have larger periods and magnetic fields than normal pulsars [9]. Some may be dying or
extreme nulling pulsars [11] or simply normal radio pulsars for which we only see the
bright tail of an extended pulse amplitude distribution [12]. An intriguing possibility is
that their sporadicity is due to modulation from a radiation belt [13] or asteroid belt [14,
15]. It is also possible that some RRATs are transient X-ray magnetars. An unusual glitch
detected from RRAT J1819−1458 suggests that it is transitioning from the magnetar to
pulsar region of the P− ˙P diagram [10]. Furthermore, Chandra observations revealed
FIGURE 1. P- ˙P diagram for RRATs (red stars), normal pulsars (black dots), magnetars (cyan squares),
and X-ray-detected isolated neutron stars (blue diamonds). The ˙P values are for eight Parkes RRATs ([9],
[10], [8]) and one unpublished source from the 350-MHz GBT survey [8]. Dashed lines indicate constant
characteristic age and constant inferred surface dipole magnetic field strength. Red lines at the top show
the periods of the RRATs which do not yet have measured period derivatives.
an unusual pulsar wind nebula that is impossible to power through spin-down energy
alone, suggesting a possible magnetic origin [16]. Finally, the spin-down properties of
two of the RRATs place them in a region of P− ˙P space devoid of pulsars and close to
that occupied by INSs, suggesting another possible relationship.
Pulse Amplitude Distributions and Spectra
The pulse amplitude distributions of eight Parkes RRATs are well described by log-
normal probability distribution functions, with two exceptions where a power-law tail
is also required. Log-normal distributions are typical of pulsar single-pulse amplitude
distributions [17], while the power-law tails are similar to those seen for giant-pulsing
pulsars and, perhaps, magnetars [18, 19]. Observations at three to six radio frequencies
allow us to calculate radio spectra for the RRATs. Fitting their pulse amplitude distri-
butions, we find that the fluxes follow a power-law with frequency, like normal pulsars.
For the three RRATs with observations over a wide-range (> 1 GHz) of frequencies, the
mean spectral index is −1.7±0.1, consistent with those of normal pulsars. Our observa-
tions rule out flat spectra as seen for radio-emitting magnetars [20, 21, 23].
FIGURE 2. X-ray and radio profiles of J1819−1458 folded using the radio ephemeris. Top: X-ray
profile consisting of seven phase bins for each rotational period and including photons with energies
0.5 keV < E < 2.4 keV. The dotted line indicates the peak of the radio profile. Bottom: Histogram of the
radio pulse arrival times. The profile is shown twice for clarity.
X-ray properties
We observed the high magnetic-field RRAT J1819−1458 with XMM-Newton for 94 ks
on 31 March 2008. These data were taken with the EPIC-PN in Full Frame mode,
and the two MOS with the central CCD in Small Window mode. Our time resolution
of 73.4 ms is sufficient for studying the pulse profile. Restricting the energy range to
0.5 keV < E < 2.4 keV, we fit the spectrum well with an absorbed blackbody with
temperature of 128± 6 eV and a cyclotron absorption line at 1.07± 8 eV. We can not
find a good fit for the blackbody spectrum alone. Coupled with the detection of this line
in previous XMM-Newton observations [24] and Chandra data [16], we are certain of
its astrophysical nature. If the line is due to proton resonant cyclotron scattering, this
implies a magnetic field strength of 2× 1014 G, four times as high as that measured
from spin-down. Assuming an angle between the magnetic and spin axes of 15 degrees
would make the spin-down magnetic field consistent with the cyclotron estimate. Note
that while the cyclotron interpretation for the line is appealing, we are also not able to
rule out an atmospheric absorption line. More careful spectral modeling and a phase-
resolved analysis is required to conclusively determine the nature of the line.
X-ray and radio correlation analysis
We observed J1819−1458 with the GBT, Parkes, and Effelsberg radio telescopes
at frequencies of 2, 1.4, and 1.4 GHz, respectively, concurrently with the 94-ks
XMM-Newton observation. We detected 6800 X-ray photons (in the energy range
0.5 keV < E < 2.4 keV) and 931 radio pulses (165 from Parkes over ∼9 hours, 64
from Effelsberg over ∼5 hours, and 673 from the GBT over ∼7 hours). In Figure 2,
we present the X-ray profile and the profile of the radio bursts. The two profiles align,
with the X-ray profile well-described by a sinusoid (as would be expected from thermal
emission).
We searched for correlations between the radio pulses and X-ray photons by calculat-
ing the number arriving within some time window of each other and then repeating this
analysis for simulated randomly distributed pulses. We find no evidence for any excess
X-ray emission at the times of the radio pulses on timescales from one pulse period. This
may imply that the RRAT radio sporadicity is due to beaming or radio coherence and
not due to an increase in particle density in the magnetosphere, which might be expected
to heat the polar cap and lead to increased X-ray emission [11].
ACKNOWLEDGMENTS
JM is supported by the NRAO student support program. MAM and JM are supported
through NASA grant 4200261589. Part of this work is based on observations with the
100-m telescope of the Max-Planck-Institut für Radioastronomie (MPIfR) at Effelsberg.
The Parkes radio telescope is part of the ATNF which is funded by the Commonwealth
of Australia for operation as a National Facility managed by CSIRO. The NRAO is a
facility of the NSF operated under cooperative agreement by Associated Universities,
Inc.
REFERENCES
1. M. A. McLaughlin et al., Nature 439, 817–820 (2006).
2. R. P. Eatough, E. F. Keane, and A. G. Lyne, MNRAS 395, 410–415 (2009).
3. E. F. Keane et al., MNRAS 401, 1057–1068 (2010).
4. S. Burke-Spolaor, and M. Bailes, MNRAS 402, 855–866 (2009).
5. J. S. Deneva et al. ApJ 703, 2259–2274 (2009).
6. J. W. T. Hessels, S. M. Ransom, V. M. Kaspi, M. S. E. Roberts, D. J. Champion, and B. W. Stappers,
40 Years of Pulsars: Millisecond Pulsars, Magnetars and More, 2008, vol. 983 of American Institute
of Physics Conference Series, pp. 613–615.
7. E. F. Keane, and M. Kramer, MNRAS 391, 2009–2016 (2008).
8. J. Boyles et al., in preparation.
9. M. A. McLaughlin et al., MNRAS 400, 1431–1438 (2009).
10. A. G. Lyne et al., MNRAS 400, 1439–1444 (2009).
11. B. Zhang, J. Gil, and J. Dyks, MNRAS 374, 1103–1107 (2007).
12. P. Weltevrede, B. W. Stappers, J. M. Rankin, and G. A. E. Wright, ApJL 645, L149–L152 (2006).
13. Q. Luo, and D. Melrose, MNRAS 378, 1481–1490 (2007).
14. X.-D. Li, ApJL 646, L139–L142 (2006).
15. J. M. Cordes, and R. M. Shannon, ApJ 682, 1152–1165 (2008).
16. N. Rea et al., ApJL 703, L41–L45 (2009).
17. S. Johnston, MNRAS 348, 1229–1235 (2004).
18. H. S. Knight, M. Bailes, R. N. Manchester, and S. M. Ord, ApJ 653, 580–586 (2006).
19. M. Serylak et al., MNRAS 394, 295–308 (2009).
20. F. Camilo et al., Nature 442, 892–895 (2006).
21. F. Camilo, S. M. Ransom, J. P. Halpern, and J. Reynolds, ApJL 666, L93–L96 (2007).
22. F. Camilo, J. Reynolds, S. Johnston, J. P. Halpern, and S. M. Ransom, ApJ 679, 681–686 (2008).
23. K. Lazaridis et al., MNRAS 390, 839–846 (2008).
24. M. A. McLaughlin et al., ApJ 670, 1307–1313 (2007).
